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PHOTONS IN CHEMISTRY AND BIOLOGY’ 


By Professor FARRINGTON DANIELS 
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LECTURER IN CHEMISTRY, CORNELL UNIVERSITY 


I APPRECIATE the honor of being invited here and 
the privilege of living in beautiful Ithaca this semester. 
Wisconsin and Cornell Universities have always been 
close to each other. From the time of Babcock on, 
Cornell has sent many young men west to carry the 
inspiration of research to Wisconsin. Each university 
has vigorously directed the genius and energy of her 
students into useful paths. 

My subject to-night is “Photons in Chemistry and 
Biology.” The unit of light is the photon, the unit 
of chemistry is the molecule, and the unit of biology 
is the living cell. I propose to describe their general 
properties and their mutual interactions. 

What do we know about light? We know that light 
affects the eye and makes vision possible. We know 
that light travels with an enormously rapid velocity— 


1A public address delivered at Ithaca, New York, on 
February 21, 1935. 


180,000 miles per second. We know that white light 
is made up of various kinds of light having different 
wave-lengths and that it is absorbed to a different 
extent by various objects through which it passes. 
When an object appears red we know that the blue 
and the yellow and the green and the other wave- 
lengths have been absorbed, leaving only the red to 
reach the eye. 

When we ask the fundamental question as to what 
light is, we find ourselves in difficulties. The optical 
properties of light are very nicely represented by the 
hypothesis of a wave motion in a hypothetical ether. 
But this hypothesis is of little help in chemistry or 
atomie physics. In these fields we prefer to imagine 
a beam of light as a shower of photons—little bundles 
of radiant energy distributed in a random fashion in 
a beam, like bullets from a machine-gun. 

On the other hand, this concept is of little use in 
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describing the phenomenon of refraction and interfer- 
ence. So we have one and the same beam of light 
explained by two entirely different models. Obviously 
there is something incomplete about our pictures, and 
this incompleteness is always characteristic when we 
try to penetrate to fundamentals. 

What do we know about chemical action? We know 
that all matter is made up of molecules which are 
characteristic of the particular substance involved, 
that all these molecules are composed of less than a 
hundred different atomic species, that only a score of 
these elements are at all common and that a dozen of 
these are necessary for life processes. 

Our pictures of atoms and molecules change in style 
quite rapidly—from valence hooks, to electron pairs 
and cubes in 1916, to a maze of electrons rotating in 
elliptical orbits in 1923, and finally to the mathematical 
equations of wave mechanics of the present models. 
It is always a difficult problem to decide between 
complete accuracy. and practical simplicity in the 
choice of hypotheses. In this case the wave equations 
are rarely used by chemists and the simple idea of 
valence is sufficient for elementary work, but the elec- 
tron pair is useful for advanced work. 

The phenomenon of chemical reaction can be inter- 
preted in terms of energy better than in terms of 
mechanical models. We know that when chemical 
action takes place, atoms are transferred from one 
molecule to another. In order to make these transfers 
possible, it is necessary to introduce energy or, in 
other words, to activate the molecule. 

This activation seems to be a necessary precursor 
to most chemical reactions, and the needed energy may 
be introduced in a variety of ways—by bombarding 
molecules with photons of light or with rapidly moving 
particles which have an electrical charge or by trans- 
ferring the energy from a previously excited molecule. 
But in most ordinary reactions the activation is pro- 
duced by collisions between molecules. There is satis- 
factory evidence that in any material above absolute 
zero the molecules are in a state of rapid, random 
motion, the velocity depending on the temperature. 
The probability-distribution of these moving molecules 
has been worked out with mathematical precision and 
checked by experiment. 

Now the total number of collisions at room tempera- 
ture increases only about 3 per cent. for a rise of 
10° C., but most chemical reactions increase in velocity 
by 200 or 300 per cent. over this temperature range. 
It might appear, then, that there is no connection 
between molecular collision and chemical reaction, but 
it is only the few, very rapidly moving molecules which 
can supply energy sufficient to produce chemical acti- 
vation, and their number is increased enormously by 
inereasing the temperature. 
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What do we know about biochemical reactions? 
We know that living organisms exchange matter and 
energy with their environments and that they have the 
ability to reproduce themselves. The cells are com- 
posed of molecules, and the life processes are largely 
interpretable as chemical reactions and physical proc- 
esses. I remember commenting to a biologist that bio- 
chemical reactions are very complex. Quick as a flash 
he retorted, “Yes, but so is any reaction in a test 
tube.” I have had the truth of this statement vividly 
impressed on me during a fifteen-year study of chemi- 
cal kinetics. We do not know what life is, but we do 
not even know what an atom is, or a photon. 

We have surveyed briefly what is known in general 
terms of the fundamental units of light, chemistry and 
biology. We next turn our attention to mutual inter- 
actions between these different units and discuss the 
ways in which photons and molecules influence each 
other. | 

When a beam of white light is refracted by a prism 
it is spread out into its different wave-lengths—in 
other words, the various photons are placed in different 
places depending on the energy which they contain. 
The photons of greatest energy are displaced farthest 
from the direction of the original beam. Only the 
photons of intermediate energy are able to affect the 
human eye and give the sensation of light. Of these, 
the photons which give the sensation blue contain more 
energy than those which give the sensation red. Be- 
yond the red lies the region called infra red, well 
known as heat radiations, and beyond these the long 
electromagnetic waves, familiar to any one who turns 
a radio dial. These photons have comparatively little 
energy. Radiation of wave-lengths shorter than the 
visible is termed ultra-violet. It contains photons of 
greater energy and it is refracted more. At still 
shorter wave-lengths and greater energy lie the x-rays, 
and beyond them the cosmic rays. The fundamental 
nature of radiation is the same throughout this whole 
range, but the chemical and biological effects are very 
different. 

When radiation is passed through matter, some of 
the photons in the beam are stopped by molecules. A 
photon can be stopped by a molecule only when the 
molecule can rearrange its structure to take up just 
the amount of energy contained in the photon. Under 
these conditions radiation is converted into chemical 
energy or into heat. Even if the molecule is capable 
of this rearrangement it will not absorb the photon 
unless there is also an intimate collision between the 
photon and the molecule. Accordingly, the percentage 
of photons stopped depends on the ratio of molecules 
to photons, a fact which finds expression in Lambert’s 
law regarding the thickness of the absorbing medium, 
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and in Beer’s law regarding the concentration of the 
absorbing solution. 

Considerable progress has been made in visualizing 
the method by which molecules absorb the energy of 
the different photons. Heat radiations in the far infra 
red cause a moleeule to rotate, while the photons in 
the near infra red cause the atoms in the molecule to 
stretch apart and vibrate. Photons in the visible 
region of the spectrum are able to make more violent 
changes. They can displace the electrons which hold 
the atoms together in the molecule. In the ultra-violet 
the mechanism is the same except that the energies 
involved are greater and the electronic displacements 
are greater. X-ray photons are more powerful still. 
They can be stopped only by doing a more drastic 
thing—namely, displacing an electron deep down 
within an atom near its nucleus. 

It has been found that most chemical reactions which 
proceed with measurable velocity at and above room 
temperature require for activation roughly from 20,000 
to 60,000 calories per gram molecule. This much 
energy is available in the photons of visible light. 
More than enough energy is available in ultra-violet 
and x-ray photons, but infra-red and radio waves are 
not able to bring the molecules to a sufficient state of 
activation to effeet chemical reaction. - 

Our guiding principle in the understanding of radia- 
tion is the quantum theory. The most important ex- 
pression of this theory for chemists is the Einstein 
law of photochemistry, according to which one mole- 


» cule is activated for each photon absorbed. It must 


be remembered that after a molecule becomes activated 
a great many things may happen to it, and only rarely 
does each activated molecule produce one molecule of 
anew chemical product. The phenomena are so com- 
plex that actual experimental proof of this law is very 
meager, but it is generally accepted and useful. 

The photo-chemist is not concerned with the amount 
of light that passes through the reacting system; he 
wants to know how many photons are absorbed by the 
reacting system. He then measures the number of 
molecules reacting, and this ratio of molecules to 
absorbed photons gives him valuable information re- 
garding the mechanism of the process. If the ratio is 
unity, the reaction is probably a primary reaction to 
which Kinstein’s law applies. If it requires many 
photons to make one molecule react, there are compli- 
cations, and either some of the activated molecules are 
dissipating their energy as heat, or a second reaction 
is taking place in such a way that it is not noticed, 
or thirdly, a reverse reaction is offsetting the photo- 
chemical reaetion. 

On the other hand, if the ratio of molecules to pho- 
tons is greater than unity a chain reaction is involved. 
One moleeule becomes excited and the product of the 
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reaction is able to activate another molecule, and many 
molecules simply follow blindly after the leader, like 
a series of ten pins. Carried to extremes the chair 
reaction may become an explosion. The investigations 
of photochemistry offer excellent opportunities for 
studying chain reactions, and it is becoming increas- 
ingly apparent that they are very common in both 
chemistry and biology. 

We have been discussing the chemical action of 
photons on molecules. Let us look for a minute at 
the reverse process in which chemical reactions emit 
photons—the phenomenon of chemiluminescence. You 
are familiar with phosphorescent substances, such as 
decaying wood, or phosphorus glowing in the dark, or 
bacteria in sea water being oxidized as a boat plows 
through the water. Perhaps the most striking illus- 
tration of all is the ordinary firefly. In all these phe- 
nomena a chemical reaction gives rise to the displace- 
ment of an electron (or atom) in a molecule, and when 
the electron falls back into its normal position of lower 
energy, a photon of radiation is emitted. At first sight 
one wonders why the phenomenon of chemilumines- 
cence is not more common than it is. Apparently 
rather special conditions must exist. The absorption 
must be slight in order that the photons emitted in the 
interior of the reacting medium can escape and be 
detected. Again, unless this particular photon hap- 
pens to fall in the energy region corresponding to 
visible light, the chemiluminescence will not be detected 
by the eye. It is quite likely that intensive searches 
for chemiluminescence in the infra-red region of the 
spectrum may show that chemiluminescence is a fairly 
common phenomenon. 

Turning next to photo-biology, I want to emphasize 
that this field is but a special application of photo- 
chemistry. The effects produced in living matter by 
photons are due merely to ordinary photochemical 
reactions in which the photons displace electrons 
within the molecule, and the molecule then rearranges 
or combines with other molecules. I shall confine my 
remarks to a few specific cases of photo-biology. 

I have always wondered that more attention has not 
been paid to the fundamental process of photo-syn- 
thesis by chlorophyll in green plants. Millions of dol- 
lars have been spent in agricultural experiment stations 
on applied problems, but only a few laboratories have 
ever been concerned with a study of the primary 
process which lies back of all plant growth. It is a 
process of extraordinary importance, since it supplies 
the material which provides the energy of animals 
and man and the energy of engines. Chlorophyll is a 
complex organic substance which absorbs photons in 
the visible region of the spectrum, and in the plant 
causes carbon dioxide and water to combine, giving 
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various carbohydrates and a number of more complex 
organic substances. 

The mechanism by which carbon dioxide and water 
unite in the presence of chlorophyll and photons is 
by no means understood. It is clear that over 100,- 
000 calories of energy are required for the produc- 
tion of a gram molecule of material and that the 
photons of visible light do not contain as much energy 
as this. Only in the very short ultra-violet would one 
expect the photons to be sufficiently powerful to cause 
the direet union of carbon dioxide and water. How- 
ever, the living cell does use visible light, and the man- 
ner in which it is able to combine several of these 
photons of lesser energy in such a way as to bring 
about this important reaction is a matter of great 
interest. It is unique in photochemistry. 

Passing next to mitogenetic rays it must be empha- 
sized that this subject is still controversial. About 
ten years ago a Russian investigator, Gurwitsch, re- 
ported that rapidly growing cells, such as the tip of 
the onion root, emit radiation of short wave-lengths 
and are able to accelerate growth in neighboring cells. 
This mysterious radiation was able to penetrate quartz, 
but unable to penetrate glass. Several hundred papers 
have followed in this field, but the results are in no 
way conclusive. Some investigators find mitogenetic 
rays emitted by a variety of living tissues, and in- 
creased growth has been reported in yeast cells, in 
young bacteria and in certain plants. Obviously a 
more reliable check of these mitogenetic rays would lie 
in detection by physical means, such as photographie 
plates and ionization chambers. Unfortunately, the 
photographie plate is far too insensitive to be consid- 
ered. Very sensitive Geiger chambers have been used, 
in which a photoelectric effect is combined with an 
amplified ionization current so as to register electrical 
currents when a few individual photons enter the 
chamber. Some investigators have reported positive 
effects with Geiger chambers, but others have failed. 
There is no fundamental reason why some chemical 
reactions occurring in life processes should not emit 
photons. We have discussed this matter already under 
chemiluminescenee. But whether or not such radia- 
tions, if they exist, have any biological significance is 
a matter for the future to decide. 

You are familiar with the use of infra-red lamps 
for physical therapy. These photons in the infra-red 
are able to penetrate animal tissue beyond the surface 
layer. The energy which they contain is not enough 
to bring about chemical reaction, but they penetrate 
deeply and dissipate their energy as heat. In other 
words, infra-red radiation offers a convenient means 
for heating tissue considerably below the surface, and 
in this way it is possible to increase circulation of 
blood or bring about improvement in stiff joints and 
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in certain diseases. The photons in visible and jp 
ultra-violet light are stopped at the surface, but a 
still shorter wave-lengths we get the deeply penetrating 
x-rays. Since the photons of x-rays contain large 
amounts of energy they can bring about violent rege. 
tions and destroy tissue either at the surface or deep 
in the body. Gamma rays from radium are similar jy 
character to the x-rays, and both of these agents are 
useful in the destruction of rapidly multiplying cells 
such as are found in cancer. 

One of the most intriguing applications of photo. 
chemistry to biology is that of the mutations produced 
by x-rays, as discovered by Muller in his study of fruit. 
flies. Fruit-flies have been studied from a genetic 
standpoint for a long time, and experts are able to 
predict with considerable certainty the number of new 
variations which may be expected in a pedigreed 
colony. These variations include color of eyes and 
various biological characteristies which might not be 
evident to an inexperienced observer. When these 
fruit-flies are exposed to x-rays before breeding, the 
number of variations in offspring is greatly increased. 
This same phenomenon has been found in various other 
organisms—in the much-studied and pedigreed tobacco 
plant, for example. Through remarkable advances in 
microscopic technique it has been found that this 
x-ray treatment actually dislocates certain cells in the 
chromosomes which control the hereditary features. 
These dislocations of the chromosomes give a mechati- 
eal picture which agrees perfectly with the hereditary 
features as catalogued by the geneticist. The photo- 
chemist can claim this as one of his reactions. A 
photon hitting a vital spot in the cells of a chromosome 
is able to start a chemical reaction which on multipli- 
cation gives this mechanical distortion which tn turn 
leads to the variations in the species. The penetrating 
photons of x-rays are thus uniquely favorable for 
bringing about changes inside the cell, and any 
mechanical stimulus designed to produce the same 
effect would be impossible because of the attendant 
destruction of the cell. The question arose as to 
whether all naturally occurring mutations may not be 
caused by photons coming from the deeply penetrating 
but rather infrequent cosmie rays or frem gamma rays 
in traces of radio-active material. Certainly the natu- 
rally occurring mutations, which make possible bid- 
logieal evolution, can be explained in part as photo- 
chemical reactions, but the number of mutations 
appears to be considerably greater than can be com 
pletely accounted for by this mechanism. 

The cure of rickets by ultra-violet light constitutes 
one of the most interesting chapters in photo-biology, 
and because of the intensive work which has been doné 
in this field we are able to draw rather definite col 
clusions. Ten years ago it was thought that the radia- 
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ion produced some mysterious effect in an animal in 
sich a way that calcium was deposited in a normal 
manner in the bones. Some thought that the photons 
hemselves were the primary cause of the calcium 
deposition. When Steenbock found that the radiation 
of food was just as effective as the radiation of the 
patient, the problem obviously became one of simple 
photochemistry. Separating the various parts of the 
food it was soon found that the cholesterol, later 
ergosterol, was the material which, when acted upon 
by light, brought about the normal deposition of eal- 
cium. Little was known about the actual vitamin D 
or the mechanism involved. In a cooperative research 
with Professor Steenbock, starting in 1927, we deter- 
mined the minimum amount of energy of ultra-violet 
radiation necessary to prevent rickets in a rat. From 
this value we caleulated the number of photons and 
ithe number of molecules, on the assumption that the 
Einstein law applied. Assuming further that the 
molecular weight of vitamin D is practically the same 
as that of its precursor, ergosterol, we calculated that 
60 billionths of a gram should be a sufficient dosage to 
prevent rickets in a rat. Two years later, Bourdillon 
and Webster produced the practically pure vitamin D 
and found that 50 billionths of a gram was necessary, 
a quantity which was practically identical with the 
prediction based on photochemistry. 

When Steenboek discovered the effect of irradiating 
food with ultra-violet light, he saw the social implica- 
tions of his discovery. He saw a gullible public swayed 
by the word “vitamin” and the word “radiation”; he 
saw an Ameriean dairy industry competing strenu- 
ously with butter substitutes, and a Norwegian fishing 
industry largely dependent on the production of vita- 
mins. He realized that every corner drug store could 
radiate its own vitamin D and that it would be years 
before the government could get things standardized. 
People would buy material that was dangerously over- 
irradiated and worthless material that was under- 
radiated. Here was a “baby on the doorstep,” and 
something had to be done. He took his discovery to 
the university, but the university was not equipped to 
handle it. He was offered a large sum for the diseov- 
ery, but he did not want it. He pioneered along new 
lines, and the Wiseonsin Alumni Research Foundation 
was organized. Alumni of the university, busy busi- 
less men, serving without pay, control the policies and 
give the profits to the university to support further 
research. Neither the university nor any of its faculty 
has anything to do with the foundation’s business or 
policy. The university simply accepts without any 
strings the moneys which the foundation gives it, and 
4 faculty committee allocates it where it will do the 


most good in furthering the research program of the 
university, 
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The social implications of research are enormous. 
The scientist ean no longer toss his bombs of discovery 
promiseuously on a helpless humanity without warn- 
ing. He must cooperate with the social scientist and 
the statesman. The problem of obsolescence must be 
faced. 

Take a specific case, hypothetical, but not beyond 
the realm of possibility a few decades hence. Suppose 
that botanists, photochemists, organic chemists and 
engineers, working together, are able to synthesize 
food material on a commercial scale from carbon 
dioxide and water, using sunlight and some kind of 
an artificial chlorophyll in which the living plant and 
the soil are not necessary. What should be done with 
such a discovery? It would be hailed as a remarkable 
achievement and an insurance against world starva- 
tion in ease of enormous over-population, an unpre- 
cedented period of drought or the advent of another 
ice age. The tropical and arid regions with sunshine, 
but little soil, could produce the necessary food in 
troughs instead of in plowed fields. But what about 
the effect on the chief industry of the world—agricul- 
ture; and all the human and economic factors which 
are interwoven with it? There are enough difficulties 
in this field already without bringing in new competi- 
tion. Research along these lines and all others must 
be given every encouragement because no one knows 
what is ahead, and a reserve stock of scientific knowl- 
edge is the best equipment for emergencies and for 
new improvements. In the application of scientific 
discoveries to human affairs, however, the most un- 
selfish and far-visioned statesmanship is necessary. 
Advance warning and cooperation by scientists and 
slow development through a transition period to allow 
economic readjustment are necessary. The principle 
that those who profit by a new application must help 
those who lose by it should become well recognized. 

Nothing which I have said must be taken to imply 
any regimentation in or dictatorship of scientific re- 
search itself. Scientific research is spontaneous and 
must not be spoiled by interference. Cooperation 
between scientists is absolutely essential—but it 
already exists. It is thrilling to see how scientific 
advances come about through the unconnected and 
independent efforts of different men publishing their 
results in scientific journals. 

To illustrate, I should like to refer to the discovery 
and use, in science, of heavy hydrogen. A precise 
physicist in California liked to calculate the exact 
constants of nature and to study them critically. He 
eame to the conclusion that the atomic weights were 
such that hydrogen must contain a heavier isotope, 
probably with a mass of two instead of one. A physi- 
eal chemist in New York had spent a great deal of his 
life in studying the properties of hydrogen and of 
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water. He was thoroughly familiar with spectroscopy. 
He conceived the idea that this heavier isotope of 
hydrogen must exist in quantities too small to detect, 
but that continued fractional distillation of hydrogen 
would produce a concentration. He joined forces with 
a physicist at the Bureau of Standards at Washington 
who had developed extensive machinery for liquefying 
hydrogen at very low temperatures. Fractionation in 
this apparatus gave material with a new spectral line, 
faint, but unmistakably at the position where caleula- 
tions showed that it should be if it had a mass of 2. 
A physical chemist at the Bureau of Standards con- 
ceived the idea that electrolysis of water might be a 
simpler way of concentrating this heavier isotope of 
hydrogen, and, together with the discoverer of heavy 
hydrogen, he started to electrolyze a large quantity 
of water and let it go for a few months, as a side 
issue. Sure enough, the residue of this electrolysis 
gave water of slightly increased density. 

Immediately well-equipped and forceful depart- 
ments of chemistry, at California and at Princeton, 
at Columbia and elsewhere started to electrolyze on 
a large seale. A communication from the California 
laboratory to the editor of the American Chemical 
Society two years ago announced that the separation 
could be carried very far and that pure isotopic hydro- 
gen might be obtained. Immediately many chemists 
all over the world dropped their tools and started 
investigations in this most intriguing field. 

In the meantime other investigators were helping 
unknowingly to advance this field. Commercial elec- 
trolysis of water for the production of hydrogen and 
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oxygen had left residues richer in the heavy hy droge, 
and these now suddenly became important. A Young 
mining engineer from the West, with a quick math. 
matical mind, became interested in chemical kinetics 
and he was able to visualize energy levels in moleculg 
in the same way that he visualized topographical ling 
on a map. With this he was able to go far towarj 
predicting reaction rates, and heavy hydrogen prove 
a fruitful field in which to apply and test these mathe. 
matical concepts. Physicists in various parts of the 
world had been trying to obtain higher and high 
voltages in order to smash atoms. Heavy hydrogey 
gave a new projectile by means of which this smashing 
could be effected. And now in several laboratories on 
can actually see and hear the individual atoms as they 
are transmuted in accordance with the ancient drean 
of the alchemist. Chemists are attacking the problen 
of reaction mechanism along new lines, for they cay 
now label the hydrogen atom and follow it throug) 
various reactions. 

Looking back on this three-year development of 
heavy hydrogen, my claim is that no one could hay 
had the wisdom to direct research along these different 
lines in such a way as to produce better results. Each 
of these different contributors to scientific researc 
was impelled only by his interest and enthusiasm it 
creative work, and any regimentation would have bee: 
fatal. We must not interfere with our scientists. We 
must not starve them nor frighten them, for the prog. 
ress of the world depends upon them. Research in 


science has been one of the few outstanding successa 


in the human race, and we need not less, but more of it 
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THE ELECTROSTATIC GENERATOR AT THE 
MASSACHUSETTS INSTITUTE OF 
TECHNOLOGY 

ADVANCES in the development of electrostatic gen- 
erators and the application of high voltage direct eur- 
rent electricity at the Massachusetts Institute of Tech- 
nology were announced on May 23 by Dr. Karl T. 
Compton, president of the institute, at a meeting of 
the board of directors of the Research Corporation in 
New York. 

The giant electrostatic generator built at the research 
station of the institute on the estate of Colonel E. H. R. 
Green at Round Hill, Mass., by Dr. Robert J. Van de 
Graaff and his associates, Dr. Lester Van Atta and Dr. 
Chester Van Atta, has been equipped with accurate 
voltage and current controls as well as vibration elimi- 
nators. It is now ready for the vacuum discharge 
tube, in which experiments in atomic disintegration are 
expected to begin this year. The generator develops 





approximately 7,000,000 volts, one of the limitation 
on higher voltage being flash-over to the roof of the 
airship dock in which it stands. 

During the past year the Round Hill research staf 
has been engaged principally on the design and cor 
struction of the vacuum discharge tube now being prt 
pared for operation by the generator. Much of tlt 
progress of the past year has been made possible by 
grants from the Research Corporation. During tlt 
coming year this vacuum tube unit will be employe 
in a series of experiments on nuclear disintegration 
the lower voltage range, while the other addition 
units of the tube, which will permit extension of tlt 
experiments to higher voltage ranges, are under ol 
struction. 

In the laboratories of the institute at Cambridst 
under the supervision of Professor Van de Graaff and 
Dr. John G. Trump, attention has been concentraté 
on the ability of a vacuum to sustain high voltag* 
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An important result of these investigations has been 
the construction and preliminary test of apparatus for 
generating very penetrating x-rays, which possesses 
several advantages as compared with machines hitherto 
available. The penetrating x-rays have their practical 
application in the treatment of internal cancer. The 
present apparatus consists of a Van de Graaff belt 
generator, coupled with a modified Lauritsen x-ray 
tube, in which all aspects of the equipment have been 
satisfactorily tested for production of x-rays up to 
700,000 volts. 


SYMPOSIUM ON IONIC PHYSICS AT 
CORNELL UNIVERSITY 

ARRANGEMENTS have been made for holding a Sym- 
posium on Ionie Physies at Ithaca, N. Y., during the 
week end immediately preceding the opening of the 
Cornell 1935 Summer Session. 

A three-day program (July 4, 5, 6) devoted to a 
discussion of photoelectricity and thermionies has been 
prepared. It is the purpose of this symposium to pro- 
vide a comprehensive survey of these fields, with ample 
time and opportunities for discussion. 

The various phases of the subjects will be intro- 
duced by the following invited papers: 


Thursday Morning, July 4, 9:30 o’clock (E.S.T.) 


‘‘The Present Status of Thermionics,’’ Saul Dushman, 
General Electric Company. 

‘‘Surface Ionization Potentials,’’ J. A. Becker, Bell 
Telephone Laboratories. 


Thursday Afternoon, 2 o’clock 


‘Optical Factors in the Photoelectric Effect,’’ H. E. 
Ives, Bell Telephone Laboratories. 

‘‘Photoelectrie Conductivity,’’ F. C. Nix, Bell Tele- 
phone Laboratories. 


Friday Morning, 9 o’clock 

‘‘Photoelectricity, Experiment versus Theory,’’ L. A. 
DuBridge, University of Rochester. 

‘‘Theory of Metals and Electron Emission Phe- 
nomena,’’? J. C. Slater, Massachusetts Institute of Tech- 
nology. 

Friday Afternoon, 2 o’clock 

‘‘Fluoreseence and Photochemistry, Applied to the As- 
similation Process of Carbon Dioxide,’’ J. Frank, The 
Johns Hopkins University (visiting lecturer in physics, 
Cornell Summer Session). 


Saturday Morning, 8 : 30 o’clock 
‘‘Eleetron Opties,’? C. J. Davisson, Bell Telephone 
Laboratories, 
‘Properties of Thoriated Tungsten Filaments,’’ W. B. 
Nottingham, Massachusetts Institute of Technology. 
‘‘The Electrical Properties of Adsorbed Films on 
Metals,’ ’ Irving Langmuir, General Electric Company. 
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There will be a registration fee of one dollar for 
those attending the symposium. 

Arrangements will be made for housing the group 
in attendance, including families, in one of the univer- 
sity dormitories for the nights of July 3, 4 and 5, at 
$2.00 per night per person ($5.00 per person for the 
three nights). Reservations for such rooms should be 
made in advance with the Manager of Residential 
Halls, Morrill Hall, Ithaca, N. Y. For further in- 
formation, address Professor R. C. Gibbs, Rockefeller 
Hall, Ithaea, N. Y. 


MEETINGS OF SIGMA XI 


A CHAPTER of Sigma Xi was installed at Smith Col- 
lege on May 1. Dr. Harold Clayton Urey, of Colum- 
bia University, was the guest lecturer; Professor 
George Howard Parker, of Harvard University, na- 
tional president, and Professor Edward Ellery, of 
Union College, national secretary, were the installing 
officers. In addition to those already members of 
Sigma Xi, fourteen members of the faculty were 
initiated. Delegates from Sigma Xi chapters of thir- 
teen colleges attended the installation ceremony. 

Dr. E. C. Stakman, plant pathologist at the Uni- 
versity of Minnesota, was guest speaker on May 16 at 
the Sigma Xi initiation banquet at Cornell University. 
He spoke on the subject “Routing the Red Scourge 
of Wheat.” Dr. Stakman also gave a public Sigma 
Xi lecture on “Rubber Growing in Liberia and the 
East Indiés” on May 17. He was the guest of the 
department of plant pathology during the entire week. 

At the first annual meeting of the Tulane Chapter 
of the Society of the Sigma Xi twenty-one associate 
members were initiated. The annual address, entitled 
“A Problem of Three Bodies,” was given by the retir- 
ing president, Professor Herbert E. Buchanan, head 
of the department of mathematics of Tulane Univer- 
sity. The officers for the coming year are as follows: 
President, Dr. Ernest Carroll Faust, professor of para- 
sitology; Vice-president, Professor William B. Greg- 
ory, of the department of sanitary engineering; Sec- 
retary-Treasurer, Dr. Harley N. Gould, head of the 
department of biology, Neweomb College; additional 
members of the Executive Committee, Dr. Nola Lee 
Anderson, department of mathematics, Neweomb Col- 
lege, and Dr. Edward S. Hathaway, head of the de- 
partment of zoology, Tulane University. 

The District of Columbia Chapter of Sigma Xi at a 
meeting on May 14 elected the following officers: 
President, Dr. William Bowie, chief, Division of 
Geodesy, U. S. Coast and Geodetic Survey; Vice-pres- 
ident, Dr. Frederick V. Coville, Bureau of Plant In- 
dustry; Secretary, Dr. V. A. Pease, Bureau of Chem- 
istry and Soils; Treasurer, William Lerch, National 
Bureau of Standards. At this meeting the following 








530 SCIENCE 


new members were presented: Dr. Oscar Sherman 
Adams, senior mathematician, U. S. Coast and Geo- 
detic Survey; Dr. Sidney Fay Blake, senior botanist, 
Bureau of Plant Industry, and Dr. John Robbins 
Mohler, chief, Bureau of Animal Industry. Mrs. 
Elizabeth Aldrich Bridgeman, recently elected an 
alumna member at Tulane, was presented at the re- 
quest of that chapter. 


AWARD TO DR. KRAUS OF THE WILLARD 
GIBBS MEDAL 

Dr. CHARLES A. Kraus, professor of chemistry at 
Brown University and director of the Newport Rogers 
Laboratory, was presented with the Willard Gibbs 
Medal of the Chicago Section of the American Chem- 
ical Society at a ceremony at the Stevens Hotel on 
May 24. Professor Roger Adams, of the University 
of Illinois, president of the society, presented the 
medal, one of the highest scientific honors bestowed in 
the United States, to Dr. Kraus, citing his “valuable 
contributions to the knowledge of reactions in liquid 
ammonia, enlargement of the understanding of the 
chemical behavior and characteristics of metals and 
extensive development of the field of the elements ger- 
manium and gallium.” 

An ammonia world was described by Professor 
Edward Curtis Franklin, of Stanford University, who, 
speaking on “Kraus, the Man,” traced the develop- 
ment of ammonia research since a group at the Uni- 
versity of Kansas, including Dr. Kraus, Professor 
Franklin and Professor Hamilton P. Cady, founded a 
new school of chemists in 1896. The title of Dr. 
Kraus’s address was “Concerning Chemistry and 
Chemists.” 

Dr. Kraus received the Nichols Medal of the New 
York Section of the American Chemical Society in 
1923 for his work with non-aqueous solutions. He 
has lectured at the University of Chicago, Western 
Reserve University and Harvard University, and has 
been consulting chemist for the U. S. Bureau of Mines, 
the Chemical Warfare Service and the Fixed Nitrogen 
Research Laboratory, as well as for various technical 
developments. 

The 1935 Willard Gibbs Medal Jury of Award was 
composed as follows: . 

Professor Adams; Dr. Phoebus A. Levene, Rocke- 
feller Institute, New York; Professor Joel H. Hilde- 
brand, University of California; Professor Ross A. 
Gortner, University of Minnesota; Professor Hugh S. 
Taylor, Princeton University; Professor Julius Stieg- 
litz, University of Chicago; Professor Moses Gom- 
berg, University of Michigan; Carl S. Miner, director 
of the Miner Laboratories, Chicago; Professor Frank- 
lin; Professor H. I. Schlesinger, University of Chi- 
_eago; Dr. Willis R. Whitney, General Electric Com- 
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pany; Dr. Harrison E. Howe, editor of Industrial ang 
Engineering Chemistry. ' 

Previous medalists were: Svante Arrhenius, of Swe. 
den; Mme. Marie Curie, of France; Sir James (. 
Irvine, of Scotland; Dr. Richard Willstitter, of 
Munich, and the following Americans: Theodore W, 
Richards, Leo H. Baekeland, Ira Remsen, Arthur A. 
Noyes, Willis R. Whitney, Edward W. Morley, Wil. 
liam M. Burton, William A. Noyes, F. G. Cottrell, J. 
Stieglitz, G. N. Lewis, Moses Gomberg, John Jacob 
Abel, William Draper Harkins, Claude 8. Hudson, 
Irving Langmuir, Phoebus A. Levene, Edward Curtis 
Franklin and Harold C. Urey. 

On the following day, Dr. Kraus read a paper on 
“The Present State of the Problem of Electrolytes,” 
under the joint auspices of the University of Chicago 
and the Chicago Section of the American Chemical 
Society. 


THE RETIREMENT OF PROFESSOR 
ERNEST MERRITT 

THE retirement of Professor Ernest Merritt, after 
forty-six years of service in the department of physics, 
was the occasion for the gathering at Cornell Univer- 
sity of over one hundred Cornell physicists on May 4 
in his honor. In the afternoon Professor Merritt pre- 
sided at a meeting of the Physies Seminary, in which 
he has been active since it was organized by Professor 
E. L. Nichols forty-five years ago. Papers were pre- 
sented by Dr. Frances G. Wick, professor of physics 
at Vassar College, and Dr. W. W. Coblentz, physicist 
at the National Bureau of Standards. 

At a dinner in Willard Straight Hall held in the 
evening in honor of Professor Merritt, letters from 
his former associates were read by Professor R. C. 
Gibbs, chairman of the physics department. Addresses 
were made by Dr. Livingston Farrand, president of 
Cornell University, Dr. Ernest Blaker, physicist with 
the Goodrich Rubber Company, formerly professor of 
physics at Cornell, and Dr. J. O. Perrine, physicist 
with the American Telephone and Telegraph Con- 
pany. Professor Merritt recalled early incidents in 
the development of physics at Cornell and spoke 
optimistically of the future. 

Professor Merritt, in addition to his tong service i0 
the department of physics, of which he was the head 
from 1919 until 1934, was dean of the Graduate School 
from 1909 to 1914 and for three years served as fac- 
ulty representative on the Board of Trustees. He was 
editor of The Physical Review for twenty years, whet 
it was conducted under the auspices of Cornell Univer- 
sity, and was the first secretary of the American Phys 
ical Society of which he later became president. Dut 
ing the war he was active in research at the Naval Ex- 
periment Station at New London. 
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RECENT DEATHS 
Dr. Hueco De Vrizs, professor of botany at the Uni- 
versity of Amsterdam from 1878 to 1918 and director 
of the Amsterdam Botanical Garden, died on May 21. 
He was eighty-seven years old. 


Dr. Herpert Henry THomas, petrographer to the 
Geological Survey of Great Britain, died suddenly on 
May 12. He was fifty-nine years of age. 


Tue death at the age of seventy-two years is an- 
nounced of Sir James Walker, emeritus professor of 
chemistry in the University of Edinburgh. 


Dr. LEOPOLD REINECKE, consulting geologist, Johan- 
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nesburg, South Africa, died on April 16, in his fiftieth 
year. 
M. Louis Jounin, of the Museum of Natural His- 


tory and the Institute of Oceanography, Paris, died 
on April 24. 


Dr. PepRO GUTIERREZ IGARAVIDEZ, who was associ- 
ated in work on hookworm disease with the late Dr. 


Bailey K. Ashford, died on May 24, at the age of sixty- 


four years. 


Dr. Bunstro Koro, professor emeritus of geology, 
Tokyo Imperial University, foreign correspondent of 
the Geological Society of America, died on March 8. 


SCIENTIFIC NOTES AND NEWS 


Dr. SIMON F'LEXNER, director of the laboratories of 
the Rockefeller Institute for Medical Research since 
the opening of the institute in 1903, has presented his 
resignation to take effect on the appointment of his 
successor. 


Dr. Frank R. Ling, professor of embryology and 
dean of the division of biological sciences of the Uni- 
versity of Chicago, will retire at the close of the aca- 
demic year with the title emeritus. Dr. William H. 
Taliaferro, head of the department of hygiene and bac- 
teriology, has been appointed dean of the division, 
effective on July 1. Dr. Lillie was recently elected 
president of the National Academy of Sciences and 
chairman of the National Research Council. 


Dr. CHARLES Russ Riowarps, president of Lehigh 
University, has presented his resignation to the Board 
of Trustees on account of protracted ill health. Be- 
fore becoming president of Lehigh in 1922 Dr. Rich- 
ards was directcr of the Engineering Experiment Sta- 
tion at the University of Illinois. Eugene G. Grace, 
president of the board and of the Bethlehem Steel 
Corporation, has appointed a committee of trustees to 
seek a successor. 


Proressor G. W. Herrick will retire from active 
teaching in June. For more than a quarter of a cen- 
tury he has taught the large beginning class in gen- 
eral entomology in Cornell University. He has also 
been entomologist of the Cornell Experiment Station 
and has published many bulletins and several books on 
économie insects. In recognition of his services a 
testimonial dinner was given him by his colleagues and 
friends on the evening of May 23. Addresses were 
made by Drs. Liberty Hyde Bailey, Cornelius Betten, 
P. J. Parrott and Simon Henry Gage. 


ProressoR Emit ABDERHALDEN, director of the 
Physiological Institute at Halle, has been elected a 
foreign member of the Lombardy Society of Medi- 


cine and a corresponding member of the Pontifical 
Academy of Sciences in Vatican City. 


Nature reports that F. G. Donnan, professor of gen- 
eral chemistry in the University of London, has been 
elected an honorary member of the Chemical Society 
of Rumania. Professor Donnan gave three lectures 
before the Danish Natural Science Association at 
Copenhagen during the week of May 20. 


OFFICERS and councilors to serve during 1936 have 
been nominated by the council of The Geological So- 
ciety of America as follows: President, W. C. Men- 
denhall, Washington, D. C.; Past President, Nevin 
M. Fenneman, Cincinnati; Vice-presidents, W. E. 
Wrather, Dallas; George D. Louderback, Berkeley; 
C. K. Swartz, Baltimore; C. S. Ross, Washington, 
D. C.; Secretary, Charles P. Berkey, New York; Trea- 
surer, Edward B. Mathews, Baltimore; Councilors 
(1936-1938), Joseph Stanley-Brown, New York; 
Thomas L. Walker, Toronto; G. F. Loughlin, Wash- 
ington, D. C. The election will take place at the 1935 
annual meeting, to be held in New York City on De- 
cember 26, 27 and 28. 


At the eighteenth annual meeting of the American 
Society of Ichthyologists and Herpetologists held at 
the Carnegie Museum, Pittsburgh, Pa., from May 2 to 
4, the following officers were elected for the ensuing 
year: President, Clifford H. Pope, American Museum 
of Natural History; Vice-presidents, Henry W. Fow- 
ler, Philadelphia Academy of Natural Sciences; Tracy 
I. Storer, University of California, and E. H. Taylor, 
University of Kansas; Secretary, M. Graham Netting, 
Carnegie Museum; Treasurer, A. W. Henn, Carnegie 
Museum; Editors, Carl L. Hubbs and Helen T. Gaige, 
Museum of Zoology of the University of Michigan. 


A portrait by Jacob Binder of Dr. Milton J. 
Rosenau, Charles Wilder professor of preventive medi- 
cine and hygiene at the Harvard Medical School, has 
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been presented to the school by his colleagues. Dr. 
Rosenau will retire from active teaching at the end of 
the current academic year. Dr. Elliott J. Joslin was 
chairman of the committee having charge of the 
project. 

TRIBUTE was paid to Dr. Abraham J. Goldforb, pro- 
fessor of biology at City College, New York, at a 
dinner given on May 24 in celebration of his twenty- 
fifth year at the college. Speakers included Dr. Fred- 
erick B. Robinson, president of the college; Dr. Morton 
Gottschall, Dr. Paul Klapper, Dr. Harry A. Overstreet, 
Dr. William H. Park and Dr. Philip Smith. 


In celebration of the establishment in 1914 of 
courses in optometry at Columbia University a din- 
ner was given on May 18 in honor of James P. C. 
Southall, professor of physics at Columbia University 
and director of professional courses in optometry, and 
of Professor Frederic A. Woll, director of the depart- 
ment of hygiene of the College of the City of New 
York, associate at Columbia University and member 
of the New York State Board of Optometry. Dr. 
Harlan H. Horner, assistant commissioner of higher 
education of New York State, and Dr. Charles B. 
Heisler, director of professional education, were the 
principal speakers. On this occasion Samuel H. Rob- 
erts, lecturer in optometry at Columbia University, 
received a plaque presented to him by the New York 
Academy of Optometry for distinguished service in 
optometry. 

Montana State CouuLece will confer at commence- 
ment the degree of doctor of science upon M. L. Wil- 
son, assistant secretary of agriculture, formerly head 
of the department of agricultural economics at the 
college, and on Reno H. Sales, chief geologist of the 
Anaconda Copper Mining Company. Mr. Wilson will 
deliver the commencement address. 


Dr. Ewen M. MacEwen, professor and head of the 
department of anatomy of the State University of 
Iowa, has been appointed dean of the College of Medi- 
eine. Since the retirement of Dr. Henry 8. Hough- 
ton, who resigned as dean in 1932 to go to the Uni- 
versity of Chicago, the affairs of the college have been 
in charge of an interim committee composed of Dr. 
John T. McClintock, Dr. Howard L. Beye and Dr. 
Everett D. Plass. 


Dr. Peter SANDIFORD, of the University of Toronto, 
has been appointed acting professor of psychology 
at Stanford University, for the winter, spring and 
summer quarters of next year. 

Dr. Ray Lyman Wusvr, president of Stanford 
University and formerly Secretary of the Interior, 
has been elected president of the Motion Picture Re- 
search Council, sueceeding Mrs. August Belmont, who 
resigned last June. 
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Industrial and Engineering Chemistry reports that 
Dr. F. D. Rossini, chemist at the National Bureau of 
Standards, Washington, D. C., has been appointed 
director of Project 6 of the American Petroleum Ip. 
stitute program of fundamental research. This proj- 
ect has for its purpose the separation, identification 
and determination of the constituents of petroleum, 
It was begun in 1928 and was directed by Dr. E. W, 
Washburn until the time of his death. 


Juuius J. ToroK, since 1925 with the Westinghouse 
Electric and Manufacturing Company, has joined the 
Research and Development Staff of Corning Glass 
Works, New York. Mr. Torok will give particular 
attention to the development of applications of glass 
to electric insulation. 


THE Unionist Associations of the four Scottish uni- 
versities have, by a unanimous vote in each case, 
adopted Professor John Graham Kerr, F. R. 8., since 
1902 Regius professor of zoology in the University 
of Glasgow, as National Unionist candidate for the 
impending vacancy in the parliamentary representa- 
tion of the Scottish universities resulting from the ap- 
pointment of John Buchan as Governor General of 


Canada. 


M. Cuarues Fasry, of the University of Paris, 
member of the Institute of France, has become a men- 
ber of the Bureau des Longitudes, in the place of the 
late Paul Painlevé. General Géorges Perrin, pro- 
fessor at the Polytechnic Institute, has been elected a 
member to succeed the late M. Benjamin Baillaud. 

















F, TATTERSFIELD, head of the department of insec- 
ticides and fungicides of the Rothamsted Experimen- 
tal Station, England, will attend the June meeting of 
the National Association of Insecticide and Disin- 
fectant Manufacturers in Chicago. 


A BILL has been introduced in the United States 
Senate proposing the authorization of an annuity to 
Frances Agramonte, the widow of the late Dr. Aris- 
tides Agramonte, member of the yellow fever commis- 
sion. 


Dr. T. WinGate Topp, professor of anatomy at 
Western Reserve University and direetor of the Ha- 
mann Museum of Comparative Anthropology and 
Anatomy, spoke on “The Stomach’s Response to our 
Menu” at the annual meeting of the University of 
Cincinnati Section of Sigma Xi on May 17. 





Dr. E. K. MarsHauu, professor of pharmacology 4 
the Johns Hopkins Medical School, delivered the an- 
nual address before the North Carolina Chapter of 
the Society of the Sigma Xi on April 23. His subject 
was “The Significance of the Aglomerular Kidney.” 


Dr. W. W. Corr, of the School of Hygiene and 
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Public Health of the Johns Hopkins University, ad- 
dressed the Beta Beta Beta Biological Fraternity at 
Western Maryland College on April 30 on “Parasitic 
Diseases in Rural Egypt.” 


Tae Eugenies Research Association will meet at the 
American Museum of Natural History, New York, on 
Bi caturday, June 1. There will be a morning session 
from 10 A. M. to 1 Pp. M., luncheon at the Museum 
Restaurant, and an afternoon session from 2:30 to 
4:30. Those interested in eugenical research are in- 
vited to attend. 


Tue one hundred and ninety-ninth regular meeting 
of the American Physieal Society will be held at 
Minneapolis on June 21 and 22, preceding the summer 
meeting of the American Association for the Advance- 
ment of Science from June 24 to 29. There will also 
be a meeting of the Pacifie Coast Section. from June 
6 to 29 at Los Angeles, Calif. 


Tue Pacifie Section of the Botanical Society of 
America will hold its annual meeting at the University 
of California at Los Angeles on June 26 and 27, in 
onjunction with the meeting of the Pacifie Division 
lof the American Association for the Advancement of 
SScience and associated societies. A symposium on 
‘Virus Diseases of Plants and Animals” is being ar- 
ranged as a joint program of several societies for the 
forenoon of Wednesday, June 26. The sessions of 
ednesday afternoon and of Thursday morning will 
be devoted to the reading of contributed papers. A 
symposium on “Chlorophyll” in the afternoon will be 
followed by a dinner for all biologists that evening. 
he program is being arranged by the officers of the 
Pacific Section, O. L. Sponsler, president, and F. Mur- 
ay Scott, seeretary. 


















Tue Geneties Society of America will hold a sum- 
mer meeting at the Marine Biological Laboratory, 
Woods Hole, Mass., on August 23 and 24. At this 
meeting two round table conferences will be conducted, 
ne on “How Far Geneties Can Explain Ontogeny” 
with A. H. Sturtevant as leader and Curt Stern and 
. L. Cartledge as introducers and the other on “Chro- 
nosomes and Their Relation to Genes” with E. M. East 
is leader and C. B. Bridges and Barbara McClintock as 
itroducers. An evening lecture will be given by Pro- 
essor Ralph E, Cleland on August 22. The society 
will hold its regular winter meeting at St. Louis, from 
Vecember 31 to January 2. In addition, a branch 
Pveeting will be held at Princeton from December 30 to 
anuary 1, together with the American Society of 
Hoologists, in order to accommodate the eastern mem- 
ers Who will be unable to attend the regular meeting. 
*he society will also hold a meeting in connection with 
he section of agrioulture of the American Association 
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for the Advancement of Science at University Farm, 
Minn., on June 25, in accordance with the program 
printed in Scrence for May 24. 


A wocaL branch of the Society of American Bac- 
teriologists is being organized, to include members in 
Wisconsin, Iowa, Minnesota, North Dakota and South 
Dakota. A meeting for organization will be held at 
the University of Minnesota on June 26. This will be 
an all-day meeting, with a scientifie program. It is 
not necessary to be a member of the parent society in 
order to join a loeal branch. Bacteriologists who may 
attend this meeting or who are interested in joining the 
branch are requested to communicate with Dr. A. T. 
Henrici, 18 Millard Hall, University of Minnesota. 


At Purdue University on May 17 and 18 there was 
held a conference for those teaching chemistry in the 
high schools of Indiana. The program was arranged 
by the Purdue department of chemistry in response to 
requests from the high school teachers, and consisted of 
talks by members of the department and a symposium 
dealing with the aims, subject-matter, methods of 
teaching and methods of measuring achievement, as 
pertaining to chemistry in the high schools of In- 
diana. At the conclusion of the regular program an 
organization was formed by the teachers from the 
high schools. Officers elected were: Frank B. Wade, 
of Shortridge High School, Indianapolis, president ; 
C. O. Pauley, of Valparaiso, Ind.; vice-president; 
Miss June Ossenberg, of Martinsville, Ind., secretary- 
treasurer. It was voted to hold a similar meeting at 
the university in May, 1936. 


Appuications for positions of biologist (wild-life 
research) of various grades in the Bureau of Biolog- 
ical Survey, Department of Agriculture, must be on 
file with the U. S. Civil Service Commission, Wash- 
ington, D. C., not later than June 17. The entrance 
salaries range from $2,600 to $3,800 a year, subject 
to a deduction of 34 per cent. toward a.retirement 
annuity. Specified education and experience are re- 
quired. 


Ir is reported in the daily press that a sum of over 
$1,000,000 was left to the University of Maryland 
Medical School in the will of the late Dr. Frank C. 
Bressler. The bequest will be used to establish a re- 
search laboratory to be named in honor of Dr. Bress- 
ler, who died on May 17, in his seventy-fifth year. 


Nine fellowships in medicine, including two re- 
newals, for study in the United States and abroad 
during the year 1935-36, were awarded at the spring 
meeting of the Medical Fellowship Board of the Na- 
tional Research Council, Washington, D. C., of which 
Dr. Francis G. Blake, Sterling professor of medicine 
at Yale University, is the chairman. A list of the 
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successful candidates follows: Oscar E. Block, Jr.; 
Berry Campbell; Jack M. Curtis (renewal) ; Windsor 
C. Cutting; Samuel Gurin; Robert E. Johnson; 
Benjamin F. Miller (renewal); E. Byron Riegel; 
Morris F. Shaffer. The next meeting of the Medical 
Fellowship Board will be held about February 1, 
1936, and applications to receive consideration at that 
time must be filed on or before December 15, 1935. 


AT a meeting of the Committee on Teaching Fel- 
lowships for the department of biology, Washington 
Square College of New York University, the following 
awards were made: Olive F. Bartholomew, Radcliffe 
College; William Randal Bell, Rensselaer Polytechnic 
Institute; Philip Berkowitz, Washington Square Col- 
lege; Charles J. Cavanaugh, Louisiana College, Uni- 
versity of Tennessee; Adele I. Cohen, Washington 
Square College, New York University; Lester L. Cole- 
man, Cornell College; Ethel A. Glaney, Bryn Mawr 
College; Joseph W. Jailer, College of the City of 
New York; John W. Remington, College of Charles- 
ton; Gerald B. Russell, Lebanon Valley College, and 
Robert C. Warner, California Institute of Technology. 
These appointments are for the academic year 1935— 
36 at $1,000 each. 


THE David Dunlap Observatory, containing the sec- 
ond largest astronomical telescope in the world, was 
opened officially on May 31. The observatory and its 
equipment are the gift of Mrs. Jessie Donalda Dun- 
lap to the University of Toronto as a memorial to her 
husband. The mirror for the telescope was moulded 
at Corning, N. Y., and ground and polished in En- 
gland. It consists of a solid block of glass seventy-six 
inches in diameter, about a foot thick and it weighs 
close to 5,000 pounds. The mounting in which it is set 
weighs upwards of thirty tons. The observatory, 
which is about fifteen miles from Toronto, will be open 
to the public. It is second in size only to Mount Wil- 
son Observatory. Dr. C. A. Chant, professor of astro- 
physics at the University of Toronto, will be director. 
His assistant will be Dr. Reynold K. Young, professor 
of astronomy at the university. 


AN agreement has been reached between the Ohio 
Wesleyan University and the Ohio State University 
for the joint operation and use of Perkins Observa- 
tory. Both contribute toward the observatory budget. 
The director of the observatory will be appointed by 
the joint action of the Boards of Trustees of both in- 
stitutions and its management is in the hands of a 
committee in which both universities are equally repre- 
sented. This agreement contemplates an extension of 
research and general educational work. 


THE present research program of the Basie Science 
Research Laboratory of the University of Cincinnati 






will be discontinued about July 1. After that time, 
the work will be continued under the auspices of , 
new foundation for scientific research, the Instituty, 
Divi Thomae. Dr. Sperti, director of the Basic § 4. 
ence Research Laboratory, and his research colleagug 
will transfer to the new institute. In addition to scje), 
tifie research, the institutum plans a broad. teaching 
program, which will be inaugurated in September wii) 


the establishment of a course in biophysies at Dayto,§ 


University. 


A HABITAT group of elephant seals, shown amid ; 
reproduction of a typical scene on Guadalupe Islan 
off the west coast of Mexico, has been completed 
the Field Museum of Natural History. The specimey 
were collected by a special expedition conducted fy 
the museum by Captain G. Allan Hancock, of I 
Angeles, Calif., aboard the Velero III, which he hy 
especially equipped for scientific work. Members of 
the expedition included Dr. Harry M. Wegeforth, 
president of the San Diego Zoological Society, ani 
Julius Friesser and Frank C. Wonder, members of the 
taxidermy staff of the musum. 


A NEw five-year cooperative course in mechanical 
engineering, leading to the degree of master of science, 
will open next month at the Massachusetts Institute of 
Technology, under the direction of Professor Jerom 
C. Hunsaker. The new course, which is designed to 
give students an insight into the technical and execi- 
tive aspects of industrial manufacture, will be giv 
in cooperation with the General Electrie Company. 
Under the cooperative plan, which is similar to thi 
successfully operated for several years past by the de 
partment of electrical engineering, students will car 
on practical work in the company’s plants in conjune- 
tion with their studies at the institute. The content 0 
the first four years of the course will be essentially tle 
same as that given in the present course in mechanicil 
engineering, there being no omissions in the fund 
mental and professional subjects. Those subject 
omitted from the regular course curriculum have the! 
counterparts in the program at the works. The find 
year of graduate study and research will be planné 
for each student in accordance with the requiremen's 
of the graduate school. During the final term student 
may be assigned to the company’s research depat 
ments for special work designed to develop individu! 
aptitudes. Students will be chosen for the new opti! 
on the basis of aptitude and scholastic records alte 
two years’ study in the regular mechanical engineer! 
course. The subsequent three years, including sv! 
mers, will be spent either at Technology or at the 
dustrial plants. The course will lead to the degree 
master of science, together with the degree of bachel 
of science as of the preceding year. 
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DISCUSSION 


A KITCHEN MIDDENS WITH BONES OF 
EXTINCT ANIMALS IN THE 
UPPER LAKES AREA! 

Recent evidence of ancient man associated with 
extinct bison has been found this winter in the drain- 
age of the St. Croix River—which river for a consider- 
able distance is the boundary between Minnesota and 
Wisconsin. 

October 28, 1934, a farmer brought to the University 
of Minnesota some large bison bones which he had 
recently found in a bog occupying an old lake bed on 
his farm. Sinee then some 1,500 bones, mostly bison, 
have been recovered from the deposit. The bones were 
found at an as yet undetermined depth of from 10 to 
18 feet below the surface of the bog in a deep marl 
bed covered by three feet of peat. A few bones of elk 
and caribou were in the deposit, but most of the bones 
are of a large-horned bison determined as Bison oliver- 
hayi Figgins.2 No bones of Bison bison have been 
found. The bones now recovered represent at least 40 
individuals. Most of them are of young animals rang- 
ing from ealves to those of three years. But remains 
of at least six adults also have been secured. Many 
of the bones show that they were food refuse. Cuts 
and scratehes made as by flint implements are present 
on some 20 per cent. or more of the bones. A few of 
the recovered specimens are broken as if to extract the 
marrow. Several have been burned. Nearly all the 
bones are in excellent preservation; even some of the 
rib cartilages are preserved. 

A small number of artifacts as well as the many 
bones have been recovered. These include a few arti- 
facts made of elk and bison bones, one artifact of oak 
wood and a few of stone. The artifacts are quite 
unlike those associated with modern North American 
Indians in the area. 

Many sticks and small logs cut by beavers were 
found in one part of the deposit. Like the bones, 
they are in an excellent state of preservation. The 
wood is largely oak, although some fragments of alder 
and willow were also found. 

The age of this kitchen-middens deposit in the mar] 
has not been determined. The marl lies on red drift 
of the Wisconsin glacier. The succeeding young gray 
drift of the Wisconsin glacier, the last phase of the 
Wisconsin, stopped some five miles short of the site. 
We also eall attention to the fact that bison bones of 
similar measurements, now in the U. S. National 
Museum, were found under 6 feet of peat on Wisconsin 
red drift at Crosby, Minnesota, in 1923. Those bones 
were deseribed by the late Oliver P. Hay* as Bison 


1A preliminary notice. 
2 J. D. Figgins, Proceedings of the Colorado Museum of 
rg History, Vol. XII, No. 4, pp. 16-42, December 5, 


occidentalis Lucas. From his description on page 2 
we quote as follows: “We can be certain therefore that 
Bison occidentalis lived in Minnesota until the middle 
of the last glacial age. How much longer we can not 
now determine.” Hence the problem of ancient man 
in late glacial time or early post-glacial time is again 
thrust into our faces by this new find in the area of the 
Upper Lakes. 

Post-note: As this notice was about to be mailed to 
the editor of ScrENcE, a copy of The American Anthro- 
pologist for April—June, 1935, came to hand with Dr. 
Schultz’s article on the Scottsbluff bison quarry. Be- 
cause the extinct bison in said quarry is the same as 
that in the St. Croix marl bed, we add a statement 
regarding the antiquity of the Scottsbluff site from 
the closing paragraph of Schultz’s important article: 
“ ... it would seem that to propose a late Pleisto- 
cene dating for this site is not too radical. Though 
many puzzling facts remain to be interpreted and 
future work in this area will undoubtedly permit the 
drawing of less tentative conclusions, the writers feel 
confident that such a dating will not prove to be far 
wrong, and, if modified, is much more likely to be 
extended downward than upward”* (p. 318). 

SAMUEL Eppy 
ALBERT ERNEST JENKS 
UNIVERSITY OF MINNESOTA 


STUDIES OF CRYSTALLINE VITAMIN B. 
VIL ITS RELATION TO PATHO- 
LOGICAL STATES 


Suppuies of crystalline vitamin B, obtained by a 
recently developed method" offered the possibility of 
clinical trial of this material. Confirmation of the 
anti-neuritie activity of the crystals was obtained by 
treatment of thirteen cases of human beriberi through 
the cooperation of A. J. Hermano in Manila, Philip- 
pine Islands. 

Rats on a vitamin B, free, but otherwise supposedly 
complete diet show complete freedom from polyneuri- 
tis with amounts as low as 1-2y of the crystals per day, 
but the growth is slight. Increase of the vitamin 
dosage even up to approximately 100 times that neces- 
sary for prevention of paralytic symptoms effects 
increasingly greater weight gains. Evidently gross B, 
insufficiency is possible without manifestations of 
polyneuritis. 

These results suggest that similar insufficiencies may 
be present in man, due to inadequate diets, idiosyn- 





8 Oliver P. Hay, Proceedings of the U. 8. National 
Museum, Vol. 63, Art. 5, pp. 1-8. 

4C. Bertrand Schultz and Loren Eiseley, The American 
Anthropologist, New Series, April-June, 1935, Vol. 37, 
No. 2, Part I, pp. 306-319. 

1R. R. Williams, R. E. Waterman and J. C. Keresztesy, 
Jour. Amer. Chem. Soc., 56: 1187, 1934. 
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erasies of the individual or to temporary derangement 
of the metabolism giving rise to pathological states 
not recognizably associated with beriberi. To appraise 
this possibility we enlisted as medical associate Dr. 
Martin G. Vorhaus. Clinical trials have been made in 
polyneuritis of pregnancy, colitis, nutritional edema, 
gastro-intestinal atony, polyneuritis of undiagnosed 
origin, ete., as indicated in part elsewhere.? Study of 
these conditions is being extended with gratifying 
results. 

Considerable evidence also exists as to a relationship 
between vitamin B, and carbohydrate metabolism.® 
In view of this the effect of the administration of large 
amounts of the pure vitamin in human diabetes is 
being studied. The early results are extremely inter- 
esting and give further evidence of the significance of 
B, in metabolism and its possible therapeutic use in 
eases of deranged carbohydrate utilization. When 
these results have more fully matured they will be 
reported by Dr. Vorhaus and collaborators through the 
usual medical channels. 

We wish to express our gratitude for financial aid 
from the Carnegie Corporation through the Carnegie 
Institution of Washington. 

Rosert R. WILLIAMS 
Rosert E. WATERMAN 
JOHN C. KERESZTESY 
463 WEST STREET, 
New York, N. Y. 


A PHYTOSTEROL AND PHYTOSTEROLIN 
FROM THE SWEET POTATO 

Durine the process of isolation of carotene from the 
sweet potato Ipomoea Batatas Poir., a phytosterol and 
a phytosterol glucoside or phytosterolin were sepa- 
rated. Since these substances have not been previously 
reported from this source, it seems desirable to record 
them in the literature. 

The phytosterolin was separated from a concen- 
trated solution of the sweet potato pigment before 
saponification, and the phytosterol was removed from 
a concentrated extract of the material remaining 
unsaponified by alcoholic potassium hydroxide. 

After repeated recrystallization of the crude phyto- 
sterolin from dilute pyridine it melted at 285° to 286° 
and gave an acetate melting at 165° to 165.5°. With 
careful manipulation a positive Salkowski sterol reac- 
tion and an alpha naphthol test for carbohydrate were 
obtained on the parent substance. 

After two recrystallizations of the phytosterol from 
ethyl alcohol-ethyl acetate mixture it melted at 136.5° 
to 137° and gave both the Liebermann-Burchard and 


2 Carnegie Inst. Year Book, No. 33, 297, 1934. 

3M. Labbe, F. Nepveux and J. D. Gringoire, Bull. Acad. 
Med., 109: 689, 1933; C. A. Mills, Am. Jour. Med. S¢i., 
175: 376, 1928. 
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Salkowski reactions for sterols. On treatment with 
acetic anhydride an acetate was formed which melte 
at 129° to 129.5°. 

From these data it is concluded that the phytostero| 
of the sweet potato consists chiefly of sitostero! ang 
that the phytosterolin is a sitosterol glucoside. 

M. B. Maruack 
BUREAU OF CHEMISTRY 
AND SOILS 


THE APPLICATION OF ARTIFICIALLY 
IONIZED AIR 

In the first volume of transactions from the Central 
Laboratory for Scientific Research on Ionificativn, 
entitled “Problems of Ionification,” and edited by Pro- 
fessor A. L. Tehijevsky,! is presented an extensive 
review of the theory of ionization, the general biologi- 
eal influence of ionization on animals and the results 
of experimental ionization of chickens. 

The ionization of air (or the accumulation of nega- 
tively charged particles in the air) has been done by 
the use of high-potential, 100,000 volts, 0.5 milliam- 
pere, frequency at least 3,000 cycles per second electric 
current, transformed from the original source of 110- 
220 volts D.C. This has been considered as one of the 
cheapest and the most convenient methods of artificial 
ionization of air on a large seale. There were pro- 
duced from about 400,000 to 600,000 negatively 
charged particles per em* (as compared with ordinary 
air, which has about 2,000) by brush discharge (“elec- 
trofluvial luster”) from the negative electrode sus- 
pended from the ceiling at a distance of about 33 feet 
from the floor, or about 35 em from the layer of 
treated eggs. 

The experimental results on the influence of ionized 
air on the chicks and mature birds, as well as on the 
eggs during the incubation, though they were obtained 
under highly unfavorable experimental conditions and 
with a low quality of experimental material, in most 
cases were very significant and convincing. 

On the basis of these experiments as well as in the 
consideration of the studies presented in Volumes II, 
III and IV, on other domesticated and wild animals, 
insects, bacteria, plants, seeds, ete., it was eoncluded 
that ionized air prevents weak individuals from early 
death, increases the growth of birds and their produc- 
tiveness (egg laying), helps to assimilate food, in- 
ereases general metabolism, raises physical activity, 
improves reproduction, favorably affects the composi- 
tion of blood, increases the resistance of an organism 
and has preventive and therapeutic value in some dis- 
eases (such as avian tuberculosis). From these one 

ean see a definite biological influence of ionized ait, 


1A. L. Tchijevsky, et als. ‘‘ Problems of Ionification,’’ 
1: 1-487, Voronezh, U. 8. 8. R., 1933 (in Russian). 
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- prophylaetie value, and possibly its wide applica- 
ion for promotion of the health, vigor and increase of 
eonomic value of birds, particularly under certain 
nfavorable climatie conditions or during winter 
months. 

However, these results are far from final. At pres- 
ent it is even impossible to predict with appreciable 
aeeuracy the prophylactic, therapeutic or economic 
application of this method in poultry production. 
More thorough work under well-controlled conditions 
is needed towards the evaluation of the exact influence 
of other factors involved in this method of ionization 
of air, such as production of ozone, nitrous compounds 
and possibly thermal effect, presence of ultra-violet, 
x-rays, ete., and then the standardization of ionic con- 
centration, doses and duration of exposure of birds of 
various ages and physical state of health. 

In general, the initiative of Professor Tchijevsky 
and his co-workers is of significant biological interest. 
It may serve as an inspiration to those who wish to 
attack the problem and to get some definite and per- 
haps useful results. There are many possibilities, 
however, not only in animal production but in various 
fields of animal and plant economic biology. More- 
over, it suggests a wide field of research in relation to 
medicine, preventive and curative. 

Auexis L. RoMANOFF 
CorNELL UNIVERSITY 


EXPERIMENTAL ADAPTATION OF FRESH- 
WATER CILIATES TO SEA WATER 

Yocom’ maintains that he has not been able to find 
any record of an attempt to adapt fresh-water ciliates 
tosea water. He obviously overlooked Finley’s paper. 
Finley? asserts that he tested fifty species of fresh- 
water protozoa and that he succeeded in adapting 
twenty of them, including Paramecium aurelia and 
Paramecium caudatum, to pure sea water, with no 
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significant change in the morphology and only a “rela- 
tively slower pulsation of the contractile vacuoles.” 

I have repeated Finley’s experiment several times, 
using Paramecium caudatum and Paramecium multi- 
micronucleatum, but I was unable to confirm his con- 
tention. The animals always died when the concentra- 
tion of sea water approached 40 per cent. There were 
also marked changes in the morphology of the animals, 
and there was a marked decrease in the frequency of 
the pulsations of the contractile vacuoles. I hope to 
publish a more detailed account of these experiments 
in the near future. 

JOHN A. Friscu, S.J. 

ZOOLOGICAL LABORATORY 

JOHNS HopKINS UNIVERSITY 
AND 
LOYOLA COLLEGE, BALTIMORE 


DISTRIBUTION OF SEPARATES OF CERTAIN 
PAPERS BY THE LATE DR. BASHFORD 
DEAN 

THERE have been placed in my hands, by Mrs. Bash- 
ford Dean, for distribution among students of fishes, 
certain reprints of Dr. Dean’s studies on the archaic 
fishes, found among his effects after his untimely 
death. 

If research men who are interested in the morphol- 
ogy, anatomy and embryology of the cyclostomes, 
sharks and ganoids will go through Dr. Dean’s bibli- 
ography either in Vol. 1 of the “Bibliography of 
Fishes” or in Art. 1 of the Bashford Dean Memorial 
Volume, and will indicate to me what articles they de- 
sire, I will forward these so far as they are available. 

It may be some time before the actual sending out 
can be done, but I should like to have all requests in 
before the distribution is begun. 

E. W. GupGer 

AMERICAN MUSEUM oF NATURAL History, 

New York, N. Y. 


SCIENTIFIC BOOKS 


PRIMITIVE LAND PLANTS 


Primitive Land Plants, also known as the Archego- 
matae. By F. O. Bower. Maemillan, London, 
x1+658 pp. 465 ill. Price, $8.00. 


ProressoR BowsEr may be said to have devoted a 
long life of research chiefly to those plants collectively 
known as the Archegoniates, that is, to the mosses, 
liverworts, ferns and so-called fern-allies—the elub- 
mosses and horsetails. Any intelligent person work- 
ing in this field would naturally be much concerned 
with the beginnings of land floras, and Bower pub- 


‘Harry B. Yocom, Biol. Bull., 67: 273-276, 1934. 
* Harold Eugene Finley, Ecology, 11: 337-347, 1930. 


lished “The Origin of a Land Flora” in 1908. Since 
then he has summarized his work on “The Ferns” in 
three important volumes (1923-1928) and formulated 
his ideas on “Size and Form in Plants” in a stimu- 
lating work (1930). 

Meanwhile there has been a notable accumulation 
of additional facts regarding both living and fossil 
Archegoniates—especially the recognition of the De- 
vonian group Psilophytales. These discoveries have 


served to draw together the Bryophyta, Pteridophyta, 
Lepidophyta and Arthrophyta, and, it seems to me, 
put an end for all time to notions that the earliest 
land plants were polyphletic transmigrants of Algae. 

Bower now returns to the origin of land plants in 
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what is essentially a new book and in my opinion a 
much better book—better not only because of the 
greater amount of factual knowledge available for the 
discussion, but better for the ripened point of view 
and the emphasis placed on size and form and fune- 
tion—that is organographic rather than purely 
morphological. 

The main plan of the present work may be stated 
briefly. The first 23 chapters are devoted to a factual 
account of what is known of the several classes of 
Archegoniates. The next six treat features common 
to all, such as alternation, embryology, conducting 
system, ete., followed by a chapter devoted to com- 
parative organographic analysis, and a final chapter 
summarizing the results, which are hence mainly in- 
ductive. The work is in no sense an attempt to 
unravel phylogenetic relations but is an effort to 
visualize stages by the method of comparative 
morphology. 

The stated foundation of the work is the alterna- 
tion of generations, and the invariable alibi for in- 
convenient facts is homoplasy. Obviously, space does 
not permit detailed comment on this notable work and 
many aspects and conclusions must be passed over. 
Bower considers the alternation of generations as tied 
up with the occupation of the land. He considers 
this opinion to have safely survived the shock of the 
discovery of apogamy and apospory, but is bound to 
admit that the cytological basis for alternation which 
seemed to result from Strasburger’s discovery of the 
doubling of chromosomes in syngamy and halving 
their number in meiosis or reduction breaks down 
among the Algae. In this great group, although some 
behave like normal land plants, others show no rela- 
tion between the nuclear cycle and the somatic cyele, 
and even among the Archegoniates gametophytes may 
be diploid and sporophytes haploid. Only by consid- 
ering instances of the last kind as ruled out by their 
infrequeney and the standardized reverse as the sig- 
nificant can the theory proceed logically. 

In contrast with the rigid morphology of, say 
Sachs’s 1875 text, where the plant body is divided 
into caulome, phyllome, rhizome and trichome, Bower 
adopts Zimmerman’s recent concept of the “telome” 
as the unit of the shoot and therefore primary. 

Earliest land plants had indeterminate dichotomiz- 
ing branch systems not differentiated into axis and 
leaf. This differentiation into axis and cladode leaves 
followed in the same manner as the development of 
lateral pinnae on a rachis in a dichotomizing fern 
leaf. Bower states that the investigation of the 
Rhynie plants in 1917 validated this idea. It may 
seem ungracious to point out that Dawson as early 
as 1859 had furnished sufficient evidence for this idea 
in his account of Psilophyton.. The reason it was 
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passed over was, of course, that a plant morphologig 
sees nothing that can not be viewed through a miey 
scope. 

The other morphological unit is the “enations,” that 
is, new formations on a surface previously unte, 
anted, hence from their beginnings appendages an 
borne laterally on a pre-existing part. They are thy 
secondary and not primary. Microphyllous leaves a, 
enations, as are the dermal appendages of ferns, 
this be accepted it follows that neither the moden 
Psilotaceae nor the ancient Psilophytales are reducey 

Megaphyllous leaves, on the other hand, as sho 
by Tansley in 1908, are cladodes formed by webbing 
of a primitive branch system. - They therefore hay 
a common origin with the axis, and the old morpho. 
logical rigamarole about stem and leaf can be ¢op. 
signed to the limbo of forgotten things, where indea 
it belongs. 

Apparently influenced by Fritsch’s idea that jt 
would be unnatural to have green land plants origi. 
nate from brown or red algae, and that since the fil. 
mentous green Isokontae never reach a massive plant. 
body because the more elaborated members of thai 
group became land plants, Bower looks with favor a 





this group as a possible source for a land flora, the e 
vascular members of which survived by interpolating 95 
between syngamy and meiosis a sporophyte or diplo- Py 
phase, the retardation of meiosis being due to sterili 
zation. This thesis demands the admission that the : 
initial steps of such a process are not observable in him 
any living plants; that apogamy and apospory mus dene 
be thrown out and the normal considered the real fe !°™ 
clue; that homology is rare and homoplasy frequent; the 
that the incidence of photosynthesis is variable; that whic 
distal fertility is primitive, and that size is the mos whic 
constant factor in moulding the form of the biont Mim ‘e 
whether diploid or haploid. feat 
Following Campbell and Von Goebel, the Antho- 9m ton: 
cerotales are considered as exemplifying an early Mm mat 
synthetic and primitive type. It is conceived that upol 
“the inward urge towards increase in size” (whatever pres 
that may mean) may take effect in both the diploid prec 
and haploid phase, or independently in either. Thu Jim ‘on 


is the difference between the Bryophytes and the bal Mm ty 
ance of the Archegoniates explained—the limited 


dimensions of the gametophytes in the latter being shov 
attributed to “the want of driving-power in the hap- igh 


loid phase” (whatever that may mean). 
The Devonian genera Rhynia and Hornea show the try 
following improvements over the Bryophyta: (1) 





physiological independence; (2) forking; (3) 4 A 
chopody; (4) definite conducting tracts. The genus fron 
Thursophyton adds enations and continued apie! out 
growth. Such a plant as Asteroxylon is regarded s J "0! 

mas 


originating by the bifurcation of a simple telome like 
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»ose of the Bryophytes in which dichopodial devel- 
opment and delay of fructification clearly foreshadow 
.ither cladode leaves with distal sporangia (ferns) or 
, truss of fertile twigs liable to condensation into a 
trobilus (lepidophytes and arthrophytes). The brac- 
sate cones Of the latter are therefore composite in 
nature. 

One wonders if anything but the proverbial pro- 
yincialism of the British warrants the inclusion in a 
Lwork of international scope of a chapter on the “Evo- 
lutionary Relations of British Ferns.” Finally, al- 
though Professor Bower makes a consistent case for 
his ideas in this most stimulating book, I can only 
repeat the doubts which I expressed in 1927 that the 
middle Devonian structural material on which the 
present argument leans so heavily may be merely 
ancient and simple, rather than that it represents a 
primitive missing link, although I am bound to admit 
that it has been made to serve such a purpose in a very 
admirable way. 


E. W. Berry 
SUBSIDENCE 
Subsidence within the Atmosphere. By JEROME 
Namras. Harvard Meteorological Studies, No. 2; 


25 emx19 em, 61 pages. Harvard University 
Press, 1934. Price, $0.85. 


THis work is a notable contribution to the very 
limited amount of literature on the subject of subsi- 
dence. The paper is divided into two major por- 
tions. The first is a discussion of subsidence from 
the general standpoint, and diagrams are presented 
which are constructed from the aerological material 
which is discussed synoptically in the second part of 
the paper. The second section gives the salient 
features in connection with three meteorological situa- 
tions. In the detailed analysis of the aerological 
material for these periods special emphasis is placed 
upon the subsidence inversions observed. The maps 
presented contain only the fronts, air masses, isobars, 
precipitation areas and positions of aerological sta- 
tions. The aerological diagrams provide a continu- 
ity in the sequence of the weather over the 24-hour 
intervals represented by the maps. Cold fronts are 
shown as heavy black lines, warm fronts by double 
light lines and oceluded fronts by broken heavy lines. 
The air mass notation is that introduced in this coun- 
try by the meteorological course of the Massachusetts 
Institute of Technology. 

As a mass of eold air (Pe) moves southeastward 
from the polar regions over North America it spreads 
out laterally at the surface, and this spreading is 
Probably balaneed by a general sinking of the air 
mass. Subsidence is a stabilizing process which takes 
place primarily at the upper levels in the atmosphere, 
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and obviously must be non-existent at the surface of 
the earth. Day-to-day aerological soundings made 
within one and the same polar air mass often show 
that not only stabilizing forces are at work, but also 
sharp inversions develop. These inversions are gen- 
erally associated with a sharp drop in relative humid- 
ity through the inversion, and not infrequently there 
is a marked drop in the specific humidity. The au- 
thor claims that the subsidence inversion can generally 
be distinguished from the frontal (i.e., change of air 
mass by advection) inversion by means of the mois- 
ture discontinuity, since the inversions accompanying 
fronts almost always have an appreciable increase in 
the specific humidity upward through the inversion. 
While this criterion of specific humidity for the dif- 
ferentiation between frontal and subsidence inversions 
generally holds it should be pointed out that there 
are cases when a warm front surface may superficially 
appear as a surface of subsidence, but, the author 
claims, the opposite case, that of mistaking a subsi- 
dence inversion for a frontal inversion, is more com- 
mon. This error can generally be blamed on the hair 
hygrometer, since it is well known that the hair be- 
haves erratically under certain conditions and has a 
particularly large lag coefficient at low temperatures 
and at low relative humidities. 

The temperature and moisture discontinuities 
through these inversions often are so pronounced that 
it is necessary to assume that there are other con- 
tributing factors in addition to subsidence which are 
tending to sharpen the inversion. Indeed, even the 
problem of the original development of these temper- 
ature inversions is not yet clear. 

The compensating subsidence due to the outflow of 
air in anticyclones which takes place across the sur- 
face isobars because of the frictional effect in the 
lower layers can not account for the rapid develop- 
ment of subsidence inversions observed in many of 
our rapidly moving anticyclones of the winter season. 
Georgii in 1920 showed that the surfaces of subsi- 
dence are not horizontal but present a slope. It is 
generally smaller than that of either the warm or the 
cold front. It now seems clear that these surfaces of 
subsidence are extensive domes which may at times 
reach beyond tke 5 kilometer level and at times prac- 
tically intersect the surface of the earth along their 
periphery. An example of a subsidence dome in its 
embryonié stage and later in its development has been 
given by the author in a previous paper. The diffi- 


culty in determining the topography of the subsidence 
domes should be simplified with the recent increase in 
the number of aerological (airplane) stations through- 
out the United States. 

Potential temperature is considered a conservative 
meteorological element because it remains constant 
during an adiabatic process with unsaturated air. 
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After a subsidence dome is once established, the air 
above the surface of the dome sinks and spreads. At 
upper levels in the atmosphere, where the effects of 
turbulent exchange and radiation are small, the proc- 
ess is adiabatic—the potential temperature of each 
subsiding particle of air remaining constant. A dis- 
continuity of lapse rate within the atmosphere guides 
the vertical flow of air, since the isotherms of poten- 
tial temperature represent stream lines of flow. This 
is evident from the principles of stability. Any hori- 
zontal relative movements of the air particles on 
either side of the inversion will thus be along the par- 
ticular potential isothermal surfaces on which they 





Vou. 81, No, 21 





lie. The tendency, then, is to maintain a COnstan, 
potential temperature at the base and top of th. in. 
version. However, small variations do occur, aj 
they may be accounted for by three factors that tend 
to produce variations in the potential temperatur, 
along the surface of subsidence, namely, (1) diye, 
gence (and convergence) above and below the inyey, 
sion, (2) radiation and (3) turbulence. 

This comprehensive paper on subsidence should 
read carefully by all meteorologists. 

C. L. Mircnety, 
U. 8. WEATHER BUREAU 
WASHINGTON, D. C. 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


NEW ARRANGEMENT FOR REGULATING 
FLOW OF LIQUID INTO A 
CULTURE VESSEL 

MAINTENANCE of a specified composition of liquid 
medium in a culture vessel, as for solution culture 
experiments with plants, may be satisfactorily accom- 
plished only through employment of some device by 
which fresh liquid is allowed to flow continuously 
into the vessel at a suitable rate, with a like rate of 
waste discharge. This was first emphasized by Tre- 
lease and Livingston.t Unknown and unpredictable 
effects of differential absorption by the cultured or- 
ganisms are thus avoided, as are also the effects of 
accumulation of substances or ions extruded by the 
organisms or produced in the vessel. One needs to 
be able to increase or decrease the rate of flow at 
will. It should be but little more rapid than is neces- 
sary and it needs to be automatically maintained for 
long periods. 

Continuous-flow plant cultures were used by Nobbe 
as early as 1865,? and Schloesing* employed an auto- 
matic intermittent renewal of solution in some of his 
experiments. Continuous flow has been increasingly 
employed for solution cultures and sand cultures of 
plants since the appearance of Trelease and Living- 
ston’s paper; more recent writers on this sort of 
experimental technique are: Allison and Shive,‘ 
Prianischnikow,> Johnston, Shive and _ Stahl,’ 
Pirschle,? Zurbicki,® Zinzadze,!° Pieree,4 Ungerer,?” 
Mehrlich,?? Trelease and Thompson.’* Some of these 

1 ScIENCE, 55: 483-486, 1922. 

2 Landw. Verssuchst., 7: 68-73. 

8 Ann. Sci. Agron., 1: 315-359, 1899. 

4 Amer. Jour. Bot., 10: 554-566, 1923. 

5 Ergebn. Biol., 1: 406-446, 1926. 

6 Plant Physiol., 2: 213-215, 1927. 

7 Bot. Gaz., 84: 317-323, 1927. 

8 Planta, 14: 583-676, 1931. 

8 Plant Physiol., 8: 553-558, 1933. 


10 ScIENCE, 79: 480-481, 1934. 
11 [bid., 80: 339, 1934. 





give additional references. Several arrangements fo 
the control of solution flow have been shown at recenj 
annual science exhibitions of the American Associs. 
tion, by Dr. J. W. Shive and by Dr. Sam F. Treleage 

From a comparative study of many different gr. 
rangements, the writer has developed the new fom 
of simple continuous-flow apparatus to be described 
in the present paper, in the preparation of which he 
has had the benefit of valuable criticism and cooper. 
tive help from Professor Burton E. Livingston, Mr, 
W. Luther Norem, Dr. Theo. C. Scheffer and Mr. 
Karl A. Grossenbacher, all of this laboratory. 

The rate of flow of a liquid through a small orifiee 
is determined partly by the viscosity of the moving 
liquid within the orifice, partly by the hydrostatic 
pressure difference between the entrance and exit of 
the orifice, and partly by the resistance introduced 
by the orifice walls. The viscosity of a stable liquid 
nutrient medium may be satisfactorily maintained by 
keeping its temperature nearly constant, but this cor- 
sideration of temperature influence has apparently not 
yet received attention in the present connection.” 

The hydrostatie-pressure difference that drives the 
liquid through the orifice may be satisfactorily mair- 
tained if a small constant-level tank is introduced 
between reservoir and orifice (as in the arrangemet! 
of Trelease and Livingston, for example). It is we! 
to equip the reservoir as a Mariotie flask, close 
above and with air inlet near the bottom. 

This Mariotte arrangement alone, without accessor 
tank, suffices to maintain a practically constant hydr- 
static head excepting that pressure at the entrance !0 
the orifice is somewhat excessive during periods whet 
the temperature of the confined air in the reservol 
is rising. For any combination of orifice resistant 


———— 





12 Ztschr. Pflanzenerndrung, Diingung u. Bodenk., A, 
36: 15-26, 1934. 

18 Plant Physiol., 10: 169-177, 1935. 
14 SCIENCE, 81: 204, 1935. 
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Fig. 1 


and liquid viseosity, the rate of delivery is more or 
less excessive during such periods. In the arrange- 
ment deseribed below this source of fluctuation is 
practically avoided without recourse to a constant- 
level tank. 

The most satisfactory orifice previously used is 
simply a short length of suitable capillary glass tub- 
ing, but with such orifices clogging may result from 
trapping of undissolved particles'® and orifice resis- 
tance can be ehanged only by stopping the flow, 
removing the capillary tube and replacing it with 
another one that offers the desired resistance. The 
new annular orifice is readily adjustable for different 
degrees of resistance without interrupting liquid flow, 
and it is not so apt to become clogged as other orifices. 

A readily adjustable annular orifice, for either gas 
or liquid, was deseribed by Gregory,'? to whose paper 





1° See Christiansen, Veihmeyer and Givan, Ecol., 11: 
161-169, 1930. 
ha Johnston and Livingston, Plant World, 19: 136-140, 


17 Ann. Bot., 47: 427-428, 1933. 
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the writer is indebted. It is simply the narrow space 
between two concentric glass tubes, the bore of the 
outer tube being but little greater than the external 
diameter of the inner one. The flowing liquid passes 
between the tubes. Resistance to flow is of course 
determined partly by the mean distance between the 
tubes and partly by the length of the annular space. 
The latter is easily adjusted by sliding the inner tube 
or plunger within the outer one. 

The essentials of the writer’s arrangement are 
shown in the diagrams of the accompanying figure, 
where, for the sake of clearness the orifice parts (C) 
are drawn on a larger scale than the other parts 
(A, B). The supply reservoir (A) is a 5-gallon glass 
bottle with a lateral shop-drilled perforation (25 mm 
in diameter) near the base. (Bottles and jars have 
been drilled at the Johns Hopkins University shop, 
at a cost of about 25 cents per perforation.) The 
mouth is regularly tightly closed with a rubber stop- 
per. In the perforation is a 2-hole rubber stopper 
bearing two glass tubes. Tube a admits air in small 
bubbles, as the liquid level descends. When the bottle 
is opened, for refilling, the outer end of this tube is 
temporarily closed by means of a bit of rubber tubing 
with its outer end plugged. If the air pressure above 
the liquid in the reservoir tends to become excessive 
through rising temperature, pressure excess is 
promptly relieved by slowing down or cessation of 
air entrance and, in extreme cases, by the escape of 
some liquid through tube a. Such escape of liquid 
occurs only with pronounced and rapid temperature 
rise, especially when the air space in the reservoir is 
large. Liquid thus escaping may be caught in a small 
vessel. (Tube a may be at the side of tube b rather 
than above it and its outer part may be bent to one 
side. It should be slightly bent downward at its outer 
end.) Any slight decrease in the air pressure above 
the liquid (as by falling of temperature) causes air 
to enter somewhat more rapidly than liquid is passing 
out through the orifice, consequently such pressure 
decrease can not become significant. Alterations in 
the barometric pressure of the surrounding atmos- 
phere would be similarly cared for if considerable. 

The outlet tube is joined to the lateral arm of the 
3-way tube c, the main part of which is vertical and 
has a bore of about 7 mm. The outer tube d of the 
annular orifice has a bore of about 5 mm and is about 
10 em long. It is attached, by means of a short rub- 
ber coupling, to the lower end of c. The inner tube 
or plunger (e) is about 20 cm long, being selected to 
fit closely within the outer tube but to slide freely. 
It extends up through and beyond the vertical part of 
c, the annular opening between them being closed 
above by means of a bit of non-adhesive rubber tub- 












ing, through which the plunger may be raised or low- 
ered to increase or decrease orifice resistance. At the 
lower end of the outer orifice tube (d) is a short bit 
of rubber tubing, into which the plunger tip fits when 
completely depressed, to close the orifice. The lower 
end of the plunger tube need not be sealed, but a 
suitable glass rod serves as well as a tube. 

Liquid dripping from the orifice is caught in the 
funnel (x) and conducted to the culture jar through 
tube y. The opening around tube d in the funnel 
mouth should be closed, as with a cotton’ plug, to 
retard evaporation and exclude dust. The jar (of the 
“Mason” pattern) has a shop-drilled lateral perfora- 
tion (25 mm in diameter) that bears a 2-hole rubber 
stopper and two tubes (y, z). The inner end of the 
supply tube (y) is bent downward, extending nearly 
to the bottom of the jar, while the overflow tube (z) 
is correspondingly bent upward, so as to terminate 
at the level where the free liquid surface in the jar 
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is to be maintained. To the outer end of 2 is attachea 
a rubber tube leading to a waste receptacle. The rate 
of withdrawal of liquid from the reservoir may be 
roughly estimated by observing the rate of bubble 
formation at the inner end of tube a, and the rate of 
discharge at the orifice may be ascertained by obsery. 
ing either the drip into the funnel or the rate of waste 
discharge. 

This sort of annular orifice, whose details may he 
altered in many ways, may be used in connection 
with any form of reservoir that maintains a constant 
hydrostatic-pressure at the orifice entrance, as with 
the reservoir of -Shive and Stahl or with that of 
Johnston, for example. Several orifices, with resis. 
tances that are either alike or different, may operate 
from the same reservoir. 


Cu. ZINZADZE 
LABORATORY OF PLANT PHYSIOLOGY 
THE JOHNS HOPKINS UNIVERSITY 


SPECIAL ARTICLES 


A SECOND-GENERATION CAPTIVE-BORN 
CHIMPANZEE}! 

CHIMPANZEES of definitely known ancestry, birth- 
date and life-history, with the exception of fourteen in 
the breeding colony of the Yale Anthropoid Experi- 
ment Station in Florida, are rare indeed, and of sec- 
ond-generation births in captivity the first is now to be 
reported. 

On April 11, 1935, a full-term, healthy male infant 
was born at the station to a primiparous female, whose 
distinction it is to be the first chimpanzee of known 
birth-date and history to mature sexually and to repro- 
duce under scientific observation. The maternal grand- 
parents as well as the parents of this second-generation 
infant are living and belong to the station colony. The 
new arrival has been named Peter; his number in the 
laboratory records is 41. 

So far as known, the ancestral history of Peter reads 
as follows. His maternal grandfather Jim and his 
grandmother Mona, whose hypothetical birth-dates are 
1900 and 1913, respectively, were known to the writer 
for many years as members of the Abreu primate col- 
lection in Havana. His father Bokar, whose hypo- 
thetical birth-date is 1925, was brought to the station 
from French Guinea in 1930 by Dr. Henry W. Nissen 
of the staff. His mother Cuba, daughter of Jim and 
Mona, was born in Havana on March 24, 1926. Jim, 
Mona and Cuba, among other chimpanzees, were pre- 
sented to the Yale Anthropoid Experiment Station by 
Pierre Abreu in May, 1931.? 


1 The following have contributed to the life-history rec- 
ords upon which this report is based: Mrs. Rosalia Abreu, 
Messrs. Pierre Abreu, O. L. Tinklepaugh, K. W. Spence, 
J. H. Elder and M. I. Tomilin. 





Of the four known and living ancestors of Peter, 
Cuba alone is of dated birth and reliably recorded 
developmental history. She first exhibited character- 
istic genital swelling in April, 1933. Menstrual bleed- 
ing occurred first on July 10, 1933, when she was seven 
years, four months, old. She was caged with a mature 
male from May, 1933, and she became pregnant 
August 9 (+ 5 days), 1934, at the age of eight years, 
five months. 

These observations are unique in that, for the first 
time in the history of biology, they establish the age 
of a chimpanzee at sexual maturation and first impreg- 
nation. 

Cuba’s gestation continued for 245 + 5 days. It was 
uneventful. Parturition was normal and easy, 4l- 
though accompanied by an exceptionally great loss of 
blood. Delivery must have occurred about 3 P. M., on 
April 11, 1935. It was not observed. According to 
Mr. M. I. Tomilin, Cuba showed no signs of discomfort 
or of the near approach of parturition at 2:10 P. M. 
At 3:20 Pp. m. the outeries of an infant in a cage 
adjoining Cuba’s attracted Mr. Tomilin’s attention, 
and the newborn infant Peter was discovered. His 
mother was then eating the afterbirth. This was com- 
pleted, and she later drank much of the fluid, mostly 
blood, on the floor of the cage. 

Mother and infant were observed continuously from 
3:20 to 4:10 p. m., and both verbal and pictorial 
records were made of their behavior. As primiparous 


nec 





2 As Jim, then considered an old male, was not needed 
at the station as a breeder, he was presented to the Phila- 
delphia Zoological Garden for use until death as an exh 
bition specimen. 
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mother Cuba exhibited behavioral inadequacies. Al- 
though from the first she carried Peter about with her, 
holding him awkwardly, usually grasped in one hand, 
she did not, according to species practice, place him 
upon her abdomen or breast and permit him to cling to 
her. Instead she treated him much as she might any 
strange object which interested, puzzled and annoyed 
her. Toward the end of the period of observation she 
forcibly broke his hold upon her whenever he suc- 
ceeded in grasping her hair or skin with hand or foot. 
Often in so doing she was rough and impatient and 
yoealized complainingly. 

Peter was left with his mother for about eighteen 
hours (overnight) under intermittent observation. As 
Cuba did not aecept him, to be nursed and generally 
cared for, it was necessary to take him from her, in 
order that he might not become the victim of her 
inexperience, curiosity, neglect or abuse. 

A few days prior to parturition Cuba had been 
observed by the writer to strip colostrum from her 
right nipple and to eat it. No evidences of lactation 
were observed following parturition. The mother was 
not markedly disturbed when separated from her in- 
fant by the closing of a slide door between cage and 
living-room. Although fatigued by parturitional effort 
and weak from loss of blood, she speedily recovered 
and in a few days appeared entirely normal. When 
taken from his mother eighteen hours after birth Peter 
weighed 1.61 kg. Presumably his birth-weight must 
have been close to 4 lbs. (1.81 kg.). He was perfectly 
formed, strong, healthy, fed readily from a bottle and 
throve from the first on a mixture of irradiated 
evaporated milk, corn syrup, lemon juice and water. 

This is the prolegomenon to a story, which it will 
require decades to complete, whose plot features the 
breeding and other shaping of chimpanzee to specifica- 
tion and its standardization for use as material of 
biological research. Instead of keeping the animal 
as it comes from the wild, we purpose to fashion it to 
maximal usefulness as experimental object. To this 
end, modification in accordance with specification- 
formula and relative standardization are deemed essen- 
tial. For each of the forty chimpanzees which to-day 
constitute the distinetive resource of this establishment 
for biological inquiry, an inclusive life-history record 
is continuously kept. Within a few years there will 
not—or at least need not—be an individual in the 
colony whose ancestry, birth-date, developmental and 
experimental history are not matters of reliable record 
and of steadily inereasing value. These are among the 
objectives which we present as excuse for this an- 
houncement to the scientific world of the birth of a 
second-generation captive-born chimpanzee. 

Ropert M. YERKES 
YALE UNIVERSITY 
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A GENE FOR CONTROL OF INTERSTITIAL 
LOCALIZATION OF CHIASMATA IN 
ALLIUM FISTULOSUM lL. 


CyToLoGICAL investigations in Allium were begun 
at Davis, California, in 1931. A fact worthy of a 
preliminary report is the evidence that the interstitial 
localization of chiasmata at IM in A. fistulosum is 


probably controlled by a recessive gene. In the cor- 
responding stage of meiosis in A. cepa the chiasmata 
are all terminal. This results in configurations of 
two types—rings and rods. The ratio between the 
two types varies from cell to cell, instances of all 
rings or rods occurring with all possible grades be- 
tween. Very probably, rods simply represent the 
earlier separation of two ends. 

A hybrid between A. cepa and A. fistulosum was 
secured in 1931. It was exceedingly regular in meio- 
sis, and a study of late IM showed the bivalents to be 
practically identical with those in the same stage in 
A.cepa. The configurations appear slightly different 
from those of A. cepa, but these deviations probably 
result from inversions and other changes in gene 
arrangement in the chromosomes of the two species. 
In no instances were any bivalents found in which the 
chiasmata were localized at the constriction region. 

As a part of our general investigation of this hy- 
brid, backcrosses were made in 1933 to both cepa and 
fistulosum. Those backcrosses to fistulosum bloomed 
this year, whereas those backcrossed to cepa behaved 
as biennials and will not bloom until next year. 
Table 1 summarizes some of our studies. As there 
were only seventeen plants in the population, any con- 


TABLE 1 
BEHAVIOR OF PLANTS IN BACKCROSS POPULATION 




















Per cent. 
of Per cent. | Number 
i PL otal meiotic of good | of seeds 
abnor- pollen j|per umbel 
malities 
2-8 Interstitial 0.00 67.0 292.00 
2-3 si 0.00 96.9 231.25 
1-1 ‘5 5.50 97.9 205.50 
2-4 he 0.00 75.9 122.00 
2-7 “he 3.55 95.2 114,23 
1-2 a 3.19 97.3 88.70 
2-5 ve 1.88 97.0 66.66 
2-2 s¢ 1.69 56.0 51.44 
1-6 3.77 47.2 22.14 
2-9 " 0.00 98.7 13.00 
2-1 Terminal 21.10 76.6 8.20 
2-10 a 18.51 93.2 5.85 
1-4 "" 35.48 92.8 5.76 
2-6 " 1.81 91.3 5.61] 
1-7 a 0.00 95.6 1.20 
1-5 fe 8.16 99.3 0.17 
1-3 sn 31.57 75.9 0.06 
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clusions drawn from the data must be made with cau- 
tion. Ten of the seventeen plants had interstitial 
chiasmata, and the remaining seven were terminal. 
The plants have been arranged in the order of their 
fertility; and coincidence will probably not explain 
why the most fertile all had localized chiasmata. The 
third column depicts the situation as to chromosome 
pairing at IM. The cells examined in each plant ex- 
ceed fifty. The two most fertile plants were devoid 
of irregularities, but so was one of the most sterile. 
Another interesting matter is the complete lack of 
correlation between per cent. of good pollen and fer- 
tility. The most fertile plant has 67 per cent. good 
pollen, and the next to the most sterile had 99.3 per 
cent. There are fertile plants with a high per cent. 
of good pollen, and others with a low per cent. This 
is equally true of the more sterile plants. 

The temptation is strong to state that type of chias- 
mata in each species is gene controlled. If this is 
true, the ten plants showing interstitial chiasmata 
should all be homozygous recessives, and all their 
progeny should have bivalents with interstitial chias- 
mata. The seven plants with terminal chiasmata 
should all be heterozygous, and their progeny should 
segregate for terminal and interstitial. Populations 
from each of the seventeen plants are now in the seed- 
ling stage, and next spring a large number of each 
will be examined. 

S. L. EMSWELLER 
H. A. JONES 
UNIVERSITY OF CALIFORNIA 


HOW LONG DO ROOTS OF GRASSES LIVE? 


Roots have been investigated much less than the 
above-ground parts of the plant because their study 
necessitates much more difficult technique due to their 
inaccessibility. As a result the length of life of both 
seminal and nodal roots remains a disputed question. 
Many earlier botanists suggested that the seminal root 
served to supply the plant only for a few weeks prior 
to the growth of nodal roots. Later workers showed 
that the seminal root served throughout life in annual 
grain plants. No work is known to the writer which 
concerns the length of life for either type of root in 
perennial grasses. ; 

In 1932 Dr. J. E. Weaver, of the University of 
Nebraska, suggested to the writer the possibility of 
placing permanent marked bands on roots as a means 
of identification for determining life span. This was 
tried on a group of typical prairie grasses grown 
from both seed and rhizomes. 

Containers one foot in diameter and three feet in 
depth were fitted with a removable metal collar 
extending about 4 inches above the top. The soil, 
therefore, extended well above the top of the container 
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and, by removing the collar, the upper part of the 
roots could easily be exposed by gently Washing 9, 
picking the loose sandy soil away. A small alumingn 
band about one fourth inch wide was stamped wit) , 
number and bent around each individual root abo, 
two inches below the soil surface. The plants wor 
examined every six months for two years. They wer 
subjected to all degrees of soil moisture from beloy 
the wilting coefficient to saturation, and to temper. 
tures of 0° F. to 112° F. The results are shown jy 
Table I. 
TABLE I 





ee 





Number of banded roots 








Species banded ZZ 
6 mo. 12 mo. 18 mo. 24 mo. 
Sporobolus hetero- Are. 
DED ct ctvineenbiaics 5 5 5 4 2 
Panicum virgatum... 3 3 3 3 3 
Bouteloua curtipen- 
ERD Vinsciniinptiedlalineictas 8 8 8 8 2 
Andropogon furea- 
Oe eins es 10 10 10 10 
Stipa spartea .............. 5 5 5 3 0 





These results show that in all plants studied a root 
lives for at least a year and many in excess of two 
years. Some new roots are produced each season. 

Tests made on the seminal roots of Andropogon 
furcatus revealed that all lived to an age of 18 months 
and some were still functioning at the end of two 
years. Thus the life span of the seminal root appears 
to approach, at least, that of the nodal root. 

From these preliminary tests it is concluded that 
the method outlined is very satisfactory for measuring 
the life span of roots. These tests indicate that both 
seminal and nodal roots of prairie grasses, even under 
adverse conditions, may live in excess of two years. 

LAURENCE A, SToppaRrt 

UNIVERSITY OF NEBRASKA 
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